Due to strict emission control regulations on gas turbines, power generation industries are liable for maintaining CO2 and NOx emission levels within allowable tolerance margins. CARSOXY gas turbines eliminate NOx emissions by replacing Air/fuel combustion with CO2-Argon-Steam/oxyfuel combustion. In addition, CARSOXY gas turbines control carbon emissions by Carbon Capture and Storage (CCS) techniques. CARSOXY gas turbines have demonstrated an increase in efficiency by 13.93%. This paper performs comparable techno-economic analyses between CARSOXY and Air-driven gas turbine cycles using the same amount of CH4 fuel. Both cycles have been modeled and economically analyzed using ASPEN PLUS. The CARSOXY cycle has demonstrated to be more economically sustainable than the Air-driven gas turbine. The Modified Internal Rate of Return (MIRR) of the CARSOXY cycle is approximately 2.2% higher than that for the Air-driven cycle. Moreover, the profitability index (PI) of the CARSOXY cycle is 1.72, while it is only 1.28 for the Air-driven cycle.
Nomenclature

Introduction
Nowadays, gas turbines are required to meet much stricter emission control regulations. In fact, regulatory authorities have drastically dropped down allowable emission levels in order to overcome the greenhouse effect[1] [1] . Just to name a few, the Clean Air Act in the United States has issued the New Source Performance Standards (NSPS), which have tightened up the NOx emission margin of natural gas combustion (i.e. from 75 ppm to 10 ppm) in less than 12 years [2] . CO2 and NOx emissions can be ratcheted down by increasing the cycle efficiency or by sequestration techniques such as Carbon Capture and Storage (CCS) techniques [3] .
CARSOXY gas turbines enable the use of both concepts, i.e. it captures CO2 and uses it as an alternative working fluid (CO2-Ar-H2O) in oxyfuel combustion to increase cycle efficiency ( by additional 13.93%) [4] . Moreover, it has theoretically zero-NOx emissions since air is not involved in the combustion process. The concept of CARSOXY gas turbines is based on utilizing the composition of the CARSOXY blend [5] . The optimum blend, Table 1 , demonstrated to increase the cycle efficiency by 13.93%. Therefore, comparison between the CARSOXY and the Air-driven cycles have been performed in this paper. Both cycles have been modeled using the same modeling technique under the same conditions. Results advice on the use of CARSOXY for combined CCS and power production. Since CARSOXY blends have been recently analyzed, no previous research exists on this area, thus opening the possibility of using these blends for efficient CCS-power applications.
Modeling approach 2.1 CARSOXY gas turbine model
The CARSOXY cycle in Figure 1 has been modeled using the ASPEN PLUS software as a follow up of previous work [4] . It is based on the Peng-Robinson equation of state. It has been modeled such that it consumes 2735.5 [lbs/h] of CH4 (by the FEEDCH4). The total mass flow rate of all inlet streams is 973,851.6 [lbs/h]. The model simulates the production of the required CARSOXY blend which is provided by references [5] [6] . The molar fraction of each product stream is specified in Table 1 . A series of steam methane reforming, water gas shifting and hydrogen purification processes have been calibrated to produce CH4, H2O and CO2 to match the required CARSOXY molar fractions rather than converting the entire amount of CH4 to H2 (the conventional approach) [4] . Steam methane reforming reactions (1 and 2) take place in the SMR unit. The products are further processed by the water gas shifting reaction (3) in the WGS unit. Necessary oxygen and argon are produced by the air separation unit (ASU). The model has been calibrated such that oxygen and argon are produced to match the required CARSOXY molar fractions rather than producing them with high purity (the conventional approach).
The Cost of generated electricity had been calculated in a separate flowsheet (Flowsheet2), then has been added the original flowsheet (flowsheet) as the EG submodel.
CH4+H2O ↔ CO+3H
(1) CH4+2H2O ↔ CO2+4H
(2) H2O+CO↔ CO2+H2
(3)
Air-driven gas turbine model
In order to obtain comparable results, an Air-drivenheat-exchanged cycle has been modeled under the same assumptions of those for the CARSOXY model. The cycle is provided with air such that it performs stoichiometric combustion using the same amount of fuel as the CARSOXY model, 2,735.5 [lbs/h] of CH4.
Assumptions and calculations
The techno-economic results have been generated using the default ASPEN PLUS assumptions [7] . However, the software requires some user-defined assumptions. The location of the project has been chosen to be the United Kingdom. The project's life is 20 years. The startup period is 1 year. The project is assumed to start in 2016.The prices of raw materials, products, electricity and utilities- Table 2 -have been escalated from the archived dates to 2016 using Equation (4) [8] and the proper Chemical Engineering Plant Cost Indexes (CEPCI) [14] .
ASPEN PLUS estimates the costs of the involved pieces of equipment. However, some pieces of equipment have been calculated using cost functions (5), (6), (7) and (8) . These are provided from the references [9] [10] [11] [12] [13] and have been escalated to 2016 using Equations (4) .
The involved parameters in Equations (5), (6) and (7) are conditional parameters. Their proper values have been assigned from the references [9] [10] [11] [12] [13] based on their corresponding conditions, which have been obtained from the ASPEN PLUS models. 
Operation costs, Product sales and NPV breakdowns
Discussion
On the ground of performing comparable technoeconomic analyses between the CARSOXY and the Airdriven cycles, the same amount of CH4 fuel (2735.5 [lbs/h]) has been used for both cycles (i.e. approximately the same total material cost (TRMC), Figure 3 .A).
As shown in Figure 3 .A, the total project capital cost (TPCC), the total operation cost (TOC) and the DTEPC ( Figure 3 -of the operation costs, product sales over the project's life. The MIRR is used to compare investments with different sizes of cash flows, and it has been in favor of the CARSOXY cycle by approximately 2.2% higher than that for the Air-driven cycle, Figure  3 .B. On that note, it is highly important to highlight that the CARSOXY cycle is fractional, such that it can be scaled to any capacity size to match the industry demand (from a laboratory-based scale to a large-scale industry) provided that a constant ratio is used to adjust all flow rates. Furthermore, the IRR indicators -in Figure  3 .B-have also been on the side of the CARSOXY cycle, approximately 91.58% and 35.77% for the CARSOXY cycle and the Air-driven, respectively. Moreover, the CARSOXY cycle is anticipated to become more productive investment than the Air-driven cycle. As shown in Figure3.B, the NRRs are 73% and 28.7% for the CARSOXY and the Air-driven, respectively. Finally, the Index of Profitability (IP) for the CARSOXY cycle is higher than that for the Air-driven cycle (1.73 and 1.285, respectively)
Conclusion
The CARSOXY cycle has demonstrated to payout all costs way before the Air-driven cycle. 85.5% of the CARSOXY project's life is profitable (positive NPV), while only 69.5% is profitable for the Air-driven cycle. The Modified Internal Rate of Return (MIRR) of the CARSOXY cycle is approximately 2.2% higher than that for the Air-driven cycle. Moreover, the profitability index (PI) of the CARSOXY cycle is 1.72, while it is only 1.28 for the Air-driven cycle. Based on these figures, it can be anticipated that the CARSOXY cycle has the potential to be adopted by the industry in the near future.
